In this research, scanometry was used as a new, simple, fast and inexpensive method for a colorimetric determination of Mn 2+ ion in water samples and thermocouple wire through the use of periodate reagent in an acidic medium. The results showed the oxidization of colorless Mn 2+ ion by periodate and the formation of a purplish MnO 4 -ion. The system had a linear range of 1.0 to 70.0 µg mL -1
INTRODUCTION
Manganese is a necessary trace element that exists in all active cells 1,2 playing a crucial role in bone mineralization, protein and energy metabolism, metabolic regulation, cellular protection from injurious free radical kinds, glycosaminoglycans formation, 3 human energy metabolism and processes related to the synthesis of neurotransmitters, 4 biological system, formation of anterior pituitary hormone, vitamin B 1 and C, affecting hematopoiesis, oxidation and proteometabolism in the body. 5 On one hand, lack of manganese can cause dermatitis, mitochondrial abnormalities, infertilities, bad formation of the bones, serum cholesterol loss, problems related to glucose metabolism and proteins and so forth. 6 On the other hand, extra amounts of manganese can also be poisonous especially to the nervous system which appears to be the mainly unprotected 7 part, finally leading to symptoms of Parkinson disease in adults. 8 This element is found in rock, soil, water, little tiny soil-like portions in the air and foods such as tea, grains, rice, soya beans, eggs, nuts and cereals. 3, 9, 10 Moreover, manganese compounds are used in manufacturing batteries, glass and fireworks, for whitening and sterilization purposes and as oxidants for cleaning. 11 Various methods for the determination of manganese are described in the reports, including inductively coupled plasma mass spectrometric method, 4, [12] [13] [14] [15] [16] [17] [18] [19] colorimetric 20 and potentiometric flow injection, 21 spectrophotometric method, 5, 22, 23 flow-injection analysis (FIA), 13 catalytic method, [24] [25] [26] [27] photometric method, 28,29 near infrared reflectance spectroscopy, 30 voltammetry, 31, 32 total reflection X-ray fluorescence and ultra sound extraction. 33 However, these methods require expensive instruments, some of them requiring a number of sample pretreatments, the conducting of which is sometimes rather laborious and time consuming especially when it comes to real matrixes.
In this study scanner was used instead of spectrophotometer as a simple, fast and inexpensive method for determining Mn 2+ ion. Paptode was first developed by Abbaspour research group in 2006 [34] [35] [36] only later to be coupled with cloud point extraction procedure as a detection system by Shokrollahi group. 37 Recently, instead of using TLC strips used in paptode [34] [35] [36] Abbaspour group has studied the solution-based method using cells for detection and determination of dopamine 38, 39 and speciation of iron (II) and iron (III).
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In this method the reaction is carried out in a solution in Plexiglas ® cells or in tubes. Scanometry has some advantages; it is easy to handle and has the capability to test various compounds simultaneously, with a high scanning speed, a quick response and limited interferences. Moreover, it is inexpensive, has portable systems and unlike spectrometer, it eliminates the need to find λ max . Finally more clear, symmetrical and homogenous images can be obtained through its use.
EXPERIMENTAL

Reagents and solutions
All chemicals were of analytical grade. In addition, double distilled water was used to prepare reagents and stock solutions. A stock solution with a periodate of 0.048 mol L -1 was prepared by diluting 1.10 g of metapotasium periodate (from Merck company) in a 100 mL-graduated flask by double distilled water. Mn 2+ ion solutions were prepared by diluting 500 µg mL -1 of standard solutions. A sulfuric acid of 10 mol L -1 was prepared by diluting 27.2 mL of it (taken from Merck company) in a 50 mL-graduated flask by double distilled water.
Apparatus
Cells built by the sheet of Plexiglas ® were used in this study. For the light source, a flatbed CanoScan LIDE200 with a 3-color (RGB) LED (cold cathode fluorescent lamp (CCFL)) and for the detection system, a charge couple device (CCD) were used. The horizontal and vertical resolution of the scanner was set at 300 dpi. Furthermore, the color of each cell was analyzed with software written in visual basic 6 (VB 6) for red, green and blue values. A Brand micropipette (biohit) was then used for the injection of samples into the cells. Lastly, absorbance measurements of real samples were made by a JASCO V-530, UV-Vis spectrophotometer (Hachioji, Tokiyo, Japan) equipped with 1-cm quartz cells.
Principles of red, green and blue (RGB) color systems
The RGB color system works on the basic principle of each color as a composition of red, green and blue. Colors are created by adding more light to a starting black color, and for this reason it is also known as the Additive Color System. Every color in RGB spectrum is made up of a different value for each red, green and blue component, hence, its use by systems that have the ability to add lights such as LCD, CRT and RGB projectors. RGB colors range from 0 to 255, a range that a single 8-bit byte can offer through encoding 256 distinct values. In the RGB system, each color is represented in the form of (R, G, B), in which (0, 0, 0) and (255, 255, 255) refer to black and white respectively, therefore by increasing the intensity of colors, the color values will decrease. In this system 16 777 216 colors can be obtained and any color can be described by the following formula: It should also be mentioned that the R, G or B color value that has the same color as the solution is usually useless, as this value is often higher than 200 and does not significantly change during the experiment. In this experiment all three values of the RGB system changed therefore the one with the highest change that is "G", was chosen.
Designing the cell array
In order to make the reaction chamber, holes with an id of 1.5 cm were made in the sheet of Plexiglas with a thickness of 0.5 cm through the use of a laser beam. So as to cover the bottom of the holes and make the cells, the pierced sheet was attached to another sheet of Plexiglas ® with a thickness of 0.1 cm. In our design, the cells were organized in 4 columns and 8 rows, and a total of 32 cells in the sheet.
In order to investigate possible leakage from neighbor cavities and cross contamination, 500 µL of violet solution with an exact concentration was injected into all cylindrical cavities in Plexiglas ® sheet with no leakage and cross-contamination observed in the sheet. solution, 3-500 µL of 100 µg mL -1 and 300-700 µL of 500 µg mL -1 Mn 2+ ion solution were transferred into 5 mL graduated flasks and an appropriate amount of double distilled water was added to the mark. Also a 5 mL graduated flask, with no added Mn 2+ ion, containing 1 mL of 10 mol L -1 H 2 SO 4 solution, 2.1 mL of 0.048 mol L -1 KIO 4 solution and an appropriate added amount of double distilled water was set as blank. Next, the flasks were shaken to form a homogenous solution, were carefully boiled for 30 minutes in a boiling water bath at 100 °C and then cooled for 5 minutes. The 500 µL portions of each solution were transferred into each cell and finally the Plexiglas ® sheet was scanned with the scanner with the produced image transferred into the computer and any color change in each cell analyzed using a program written in VB 6 media. In this program, the color of each cell was analyzed based on the RGB system for obtaining R, G and B values. It should be noted that in this color analyzing program, a specific area was selected for analyzing and the number of pixels that could be indicated by this area was about 10000-300000. This program could average these pixels, therefore the noise dramatically decreased. The effective intensity for any color values was calculated as follows: 
General procedure
A r =-log (R s /R b ) A g = -log (G s /G b ) A b = -log (B
Preparation of real samples
Water samples 1 mL of concentrated HNO 3 was added to water samples which were used after 1 hour. The procedure given in the general procedure section was then applied for analysis.
Thermocouple wire
So as to analyze thermocouple wire (Solid Chromel/Alumel (Type K)), an exact amount of wire was added to a 6 mL nitric acid and boiled for 2 minutes for a complete dissolution. The resulting solution was completely transferred to a 25 mL flask and dilute to the mark. The obtained solution was lastly analyzed according to the described procedure.
RESULTS AND DISCUSSION
The aim of this work was to develop a simple, fast and inexpensive method for a colorimetric determination of trace amounts of Mn 2+ ion in water samples and thermocouple wire through the use of periodate as oxidizing reagent. In this regard, the influence of various effective parameters, including heating and cooling time and the concentration of chemical reagents were optimized.
Effect of H 2 SO 4
Optimizing the concentration of sulfuric acid is one of the main steps in optimization. This is because manganese has different oxidation forms (namely Mn II and Mn VII, Mn IV and Mn VI) each of which is stable in neutral, acidic and basic environments respectively. Worth mentioning is the fact that sulfuric acid concentration has a large influence on the sensitivity and efficiency of the method.
To study the effect of sulfuric acid, solutions containing 500 µL of Mn 2+ ion (500 mg L prepared according to the procedure. 500 µL of each sample was then transferred into the cells and after scanning the cells, the image of each cell was analyzed with the software as illustrated in Figure  2 . As this Figure shows , with the increase in the concentration of H 2 SO 4 , the G value increased, the intensity of violet decreasing, from 2.0 mol L -1 concentration onwards, hence 2.0 mol L -1 was selected as the optimum concentration for H 2 SO 4 . Because the highest value belonged to parameter G, it was utilized as the original one.
Effect of KIO 4
The optimization of the concentration of KIO 4 as an oxidizing reagent was the main step of optimization. To study the effect of this reagent, solutions containing 500 µL of Mn 2+ ion (500 mg L Moreover, the redox reaction was completed with high rather than low amounts of KIO 4 .
Effect of heating time
The effect of temperature and duration of heating are two important parameters on the completion of the reaction. The reaction was completed at high temperatures. Figure 4 illustrates that the effective intensity is the highest when the period of heating is 30 minutes. This effect clearly indicates that all Mn 2+ ions reacted with IO -4 and the effective intensity reached a maximum value.
Effect of cooling time
To study the effect of cooling time, a solution containing 500 µL of Mn 2+ ion (500 mg L ) was prepared according to the procedure. 500 µL of the sample was then transferred into the cells and was scanned for 5-60 minutes. After scanning the cells, their images were analyzed with the software, the results being illustrated in Figure 5 . It is seen that the effective intensity is independent of cooling time in the duration of 5-60 minutes therefore the minimum time i.e. 5 minutes was selected for the aforementioned steps. Figure 6 illustrates the calibration curve under optimum conditions. In the range of 1.0-70.0 µg mL -1 , a proper linear relationship was obtained between the effective intensity of the product and the . In order to render the reproducibility of the method, 6 sample solutions of 50 µg mL -1 Mn 2+ ion were analyzed and 2.77 was the RSD% (Relative Standard Deviation) for G color values. The detection limit was obtained 0.314 µg mL -1 based on the standard deviation of 8 blanks.
Analytical performance
Interference study
To study the selectivity of the proposed method in determining Mn 2+ ion, the effect of various species on the determination of 50 µg mL -1 Mn 2+ ion was tested under optimum conditions. The tolerance limit was defined as the concentration of added ion that causes less than ±5% the relative error of G value. The results are shown in Table 1 .
In this method, most of the species do not interfere, because the scanometry is based on the reflective properties of the samples. It is notable that by this method colored species such as Cr 3+ , Cr 2 O 7 2-, Cu 2+ and Ni 2+ ions or the product of reaction between the interference and reagent (which changes the value of R, B or both parameters but not the G value), do not interfere in the determination of manganese.
Application
The applicability of the method in determining Mn 2+ ion by the standard addition technique and recovery was examined with thermocouple wire (Solid Chromel / Alumel (Type K)) and six different water samples including tap water, water falls, mineral water, river water, canal water and hot spring.
The thermocouple wire sample was prepared according to the experimental section and its manganese percentage was determined by the proposed method and was compared with UV-Vis method. The results are summarized in Table 3 .
The determination of Mn 2+ ion in the thermocouple wire sample is remarkably accurate by the proposed method.
CONCLUSIONS
Scanometry as an easy, safe, rapid and inexpensive method has recently been used for the determination of trace amounts of analysts. 36, 38, 39, 41, 42 In this study, scanometry was used for the determination of Mn 2+ ion. This method has been developed as an alternative to visible spectrophotometry and the analytical results showed that it can be successfully adopted in determining Mn 2+ ion with high selectivity in real samples. 
